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ABSTRACT
The Space Interferometry Mission (SIM) is a space-based long-baseline optical interferometer for precision astrom-
etry. One of the primary objectives of the SIM instrument is to accurately determine the directions to a grid of
stars, together with their proper motions and parallaxes, improving a priori knowledge by nearly three orders of
magnitude. The basic astrometric observable of the instrument is the pathlength delay, a measurement made by a
combination of internal metrology measurements that determine the distance the starlight travels through the two
arms of the interferometer and a measurement of the white light stellar fringe to find the point of equal pathlength.
Because this operation requires a non–negligible integration time to accurately measure the stellar fringe position,
the interferometer baseline vector is not stationary over this time period, as its absolute length and orientation
are time–varying. This conflicts with the consistency condition necessary for extracting the astrometric parameters
which requires a stationary baseline vector. This paper addresses how the time-varying baseline is “regularized” so
that it may act as a single baseline vector for multiple stars, and thereby establishing the fundamental operation of
the instrument.
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1. INTRODUCTION
SIM is designed as a space-based 10-m baseline Michelson optical interferometer operating in the visible waveband.
This mission will open up many areas of astrophysics, via astrometry with unprecedented accuracy. Over a narrow
field of view SIM is expected to achieve a mission accuracy of 1 µas. In this mode SIM will search for planetary
companions to nearby stars by detecting the astrometric “wobble” relative to a nearby (≤ 1◦) reference star. In its
wide-angle mode, SIM will be capable to provide a 4 µas precision absolute position measurements of stars, with
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parallaxes to comparable accuracy, at the end of a 5-year mission. The expected proper motion accuracy is around
4 µas/yr, corresponding to a transverse velocity of 10 m/s at a distance of 1 kpc.1
The SIM instrument does not directly measure the angular separation between stars, but the projection of each
star direction vector onto the interferometer baseline by measuring the pathlength delay of starlight as it passes
through the two arms of the interferometer. The delay measurement is made by a combination of internal metrology
measurements to determine the distance the starlight travels through each arm, and a measurement of the central
white light fringe to determine the point of equal pathlength.
SIM surveys the sky in units called tiles. A tile is defined as a sequence of measured delays corresponding to
multiple objects all made by a single baseline vector ~b and central pointing of the instrument – that is, all the mea-
surements in a tile are from objects that are within a single astrometric FOR (field of regard of the instrument), which
is approximately 15◦ × 15◦. The existence of a single baseline vector insures that the system of equations developed
from the observations to extract the astrometric parameters is not underdetermined. However, the collection of such
a measurement set with a single interferometer is actually impossible, as the data collection on a sequence of objects
takes finite time, over which both the baseline length and orientation do not remain constant.
This paper describes the fundamental steps of how the on–board instrumentation of external metrology and
auxiliary guide interferometers are used to reconstruct the baseline vector sufficiently accurately so that it can
effectively be modeled as a single vector over the period of a tile observation. This process has been previously
referred to as the regularization of the baseline.2 The notion of the regularized baseline has been used extensively
in a number of grid simulation studies that plan observation sequences, predict mission accuracy, and determine
sensitivities to various instrument parameters.2–4
The process of reconstructing the baseline vector when implemented onboard in real–time is termed pathlength
feedforward, and is a critical component to the operation of the interferometer. Because many of the astrometric
targets will be very dim, it is not possible for the science interferometer to track the fringes and compensate for optical
pathlength difference variations in real time using the dim target as the signal. As a result the fringes associated
with the science target will be washed out due to uncontrolled motions of the instrument. The adopted solution in
these cases is to use precise attitude information obtained from the two guide interferometers and construct a delay
tracking signal that will be fed to the science interferometer’s delay line in an open loop fashion. This aspect of the
